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1	Introduction
Introduction of uplink hop-by-hop flow control was left open in RAN2#115e and RAN#93e. This contribution discusses the issue further.
2	Discussion
One of the issues prioritized in RAN2 was IF-1.
IF-1: The scheduler of an IAB node does not have all the information needed (e.g. link quality across multiple hops) to make appropriate upstream or downstream scheduling decisions which take into account the overall route link quality (such as e.g. using downstream link quality measurements to adjust the scheduling weights so as to achieve proportional fairness for different bearers/RLC channels across multiple child-IAB nodes)

Hop-by-hop flow control seems to be a known mechanism whereby link quality can be turned into informed scheduling decisions by remote IAB nodes. For upstream traffic, as part of Rel-16 IAB work, RAN2 concluded that BAP flow-control feedback from parent to child node is not needed since it was deemed efficient enough to simply constrain the uplink scheduling of child nodes if an IAB node suffers from a slow uplink itself.
One scenario where this reasoning can be questioned is an IAB node in DC that observes uplink-buffer build-up for one cell group but not for the other cell group. Since there is no way to target the use of uplink scheduling grants handed to child nodes dynamically (as opposed to the semi-static MAC logical-channel prioritization configured by the CU), such an IAB node with unbalanced uplink buffers cannot hold back data from child nodes toward the congested cell group without also starving the well-functioning cell group unnecessarily.
Observation 1:	(On issue IF-1) Link quality can be turned into informed scheduling decisions by remote IAB nodes using hop-by-hop flow control.
Observation 2:	Based purely on uplink-scheduling mechanisms, an IAB node in DC with only one of its cell groups (MCG or SCG) congested has no means to selectively limit receiving uplink data to be routed over the congested cell group from child nodes.
Given Observation 2, we propose:
	Proposal 1:		RAN2 introduce hop-by-hop flow control for upstream traffic in Release 17.
For such an IAB node in DC, it would already be very helpful if it was allowed to indicate the amount of welcome uplink data per Routing ID or BH RLC channel, just like in Rel-16 BAP flow control.
Proposal 2:	The feedback indications of Rel-16 BAP flow control are applicable to Rel-17 flow control for upstream traffic.
It would need to be discussed whether an indication of welcome uplink data received by a child node should impact the IAB MT MAC’s procedures like Buffer Status Reporting and Logical-channel prioritization. It would seem simplest to avoid any such impact by specifying that BAP flow-control feedback received in downlink is targeted to the child node’s IAB DU, and is used by the IAB DU to determine how much uplink data, as indicated in the feedback, it will further pass to the co-located IAB MT.
Proposal 3:	To avoid impact on IAB MT MAC mechanisms like BSR and LCP, flow-control feedback from a parent node is used by the IAB DU of the child node to determine how much uplink data (e.g. per Routing ID) it will further pass to the co-located IAB MT.
In Annex we provide text proposals for introducing hop-by-hop flow control for upstream traffic.
Proposal 4:	RAN2 consider the text proposals to 38.300, 38.340, and 38.331 in Annex for introducing hop-by-hop flow control for upstream traffic.
3	Conclusion
Observation 1:	(On issue IF-1) Link quality can be turned into informed scheduling decisions by remote IAB nodes using hop-by-hop flow control.
Observation 2:	Based purely on uplink-scheduling mechanisms, an IAB node in DC with only one of its cell groups (MCG or SCG) congested has no means to selectively limit receiving uplink data to be routed over the congested cell group from child nodes.
	Proposal 1:		RAN2 introduce hop-by-hop flow control for upstream traffic in Release 17.
Proposal 2:	The feedback indications of Rel-16 BAP flow control are applicable to Rel-17 flow control for upstream traffic.
Proposal 3:	To avoid impact on IAB MT MAC mechanisms like BSR and LCP, flow-control feedback from a parent node is used by the IAB DU of the child node to determine how much uplink data (e.g. per Routing ID) it will further pass to the co-located IAB MT.
Proposal 4:	RAN2 consider the text proposals to 38.300, 38.340, and 38.331 in Annex for introducing hop-by-hop flow control for upstream traffic.
Annex: Text proposals
[bookmark: _Toc37231839][bookmark: _Toc46501892][bookmark: _Toc51971240][bookmark: _Toc52551223][bookmark: _Toc83657058]A.1	Text proposal to 38.300
4.7	Integrated Access and Backhaul
[bookmark: _Toc37231842][bookmark: _Toc46501895][bookmark: _Toc51971243][bookmark: _Toc52551226][bookmark: _Toc83657061]4.7.3	User-plane Aspects
[bookmark: _Toc37231844][bookmark: _Toc46501897][bookmark: _Toc51971245][bookmark: _Toc52551228][bookmark: _Toc83657063]4.7.3.2	Flow and Congestion Control
Flow and congestion control can be supported in both upstream and downstream directions in order to avoid congestion-related packet drops on IAB-nodes and IAB-donor-DU:
-	In upstream direction, UL scheduling on MAC layer can support flow control on each hop. Further, flow control is supported on BAP sublayer, where the IAB-node can send feedback information on the available buffer size for an ingress BH RLC channel or BAP routing ID to its child node, which uses the feedback information to determine how much uplink data the DU of the child node will further pass to the co-located IAB MT;
-	In downstream direction, the NR user plane protocol (TS 38.425 [33]) supports flow and congestion control between the IAB-node and the IAB-donor-CU for UE bearers that terminate at this IAB-node. Further, flow control is supported on BAP sublayer, where the IAB-node can send feedback information on the available buffer size for an ingress BH RLC channel or BAP routing ID to its parent node. The feedback can be sent proactively, e.g., when the buffer load exceeds a certain threshold, or based on polling by the parent node.

[bookmark: _Toc46491326][bookmark: _Toc52580790]A.2	Text proposal to BAP
5.3	Flow control
[bookmark: _Toc46491327][bookmark: _Toc52580791]5.3.1	Flow control feedback
For a link, the BAP entity at the IAB-MT shall:
-	when a flow control feedback is triggered due to the buffer load exceeding a certain level, or
-	when a BAP Control PDU for flow control polling is received at the receiving part, the transmitting part of this BAP entity shall:
-	construct a BAP Control PDU for flow control feedback per BH RLC channel, if configured by RRC, in accordance with clause 6.2.3;
-	construct a BAP Control PDU for flow control feedback per BAP routing ID, if configured by RRC, in accordance with clause 6.2.3;
-	if the egress BH RLC channel for the BAP Control PDU is configured as specified in TS 38.473 [5]:
-	submit the BAP Control PDU(s) to the configured egress BH RLC channel of the egress link, indicated by Egress BH RLC CH ID IE in BH Information IE associated with Non-UP Traffic Type IE set to BAP control PDU in TS 38.473[5];
-	else:
-	submit the BAP Control PDU(s) to any egress BH RLC channel of the egress link.
[bookmark: _Toc46491328]When a flow control feedback is to be transmitted over an egress link, the transmitting part of the BAP entity at the IAB-DU:
-	constructs a BAP Control PDU for flow control feedback in accordance with clause 6.2.3:
-	if the egress BH RLC channel for the BAP Control PDU is configured as specified in TS 38.473 [5]:
-	submit this BAP Control PDU to the configured egress BH RLC channel of the egress link, indicated by BH RLC CH ID IE which is associated with BAP Control PDU Channel IE that is set to true in TS 38.473[5];
-	else:
-	submit this BAP Control PDU to any egress BH RLC channel of the egress link.



NOTE:	The BH RLC channel(s) and routing ID(s) to be included in the flow control feedback is up to IAB node implementation, once triggered.



[bookmark: _Toc60777108][bookmark: _Toc83740063]A.3	Text proposal to RRC
–	RRCReconfiguration
	flowControlFeedbackType
This field is only used for IAB-node MT that support hop-by-hop flow control to configure the type of flow control feedback. Value perBH-RLC-Channel indicates that the IAB-node MT shall provide flow control feedback per BH RLC channel, value perRoutingID indicates that the IAB-node MT shall provide flow control feedback per routing ID, and value both indicates that the IAB-node MT shall provide flow control feedback both per BH RLC channel and per routing ID.



